The present paper reports the results of an empirical study that was designed to provide acoustic evidence that there exist at least two different vowel reduction patterns in the Russian language. The acoustic characteristics of the three peripheral vowels [i, a, u] were examined. Given that low vowels are dispreferred in unaccented positions, particular attention was paid to immediately pre-tonic [a] sounds that result from 1st degree reduction and which are weakened to [ə] by some speakers. The acoustic and statistical analyses revealed that vowel reduction in Russian is a speaker-specific phenomenon. Although all subjects centralised unaccented high vowels, two of them applied two degrees of reduction, whereas the other two exhibited a different reduction pattern as in their speech the differences between the acoustic parameters of the [a] and [ə] sounds did not reach the level of statistical significance (p > .05). The acoustic data strongly suggest that if a speaker applies one degree of vowel reduction, then the [i, e, a, ə, u] inventory is simplified to [i, ə, u] rather than [i, a, u] as there is a highly significant difference (p < .001) between the sounds found in immediately pre-tonic position and the [a] sounds placed in stressed syllables.
1. Introduction * Vowel reduction, i.e. a process that neutralises phonological contrasts between vowels in unstressed syllables, is definitely one of the most characteristic features of stresstimed languages. In English, for instance, many vowels in unaccented syllables are reduced to schwa, whereas in Russian the process appears to be more complex because the five-element vowel inventory found in accented syllables is reduced to a sub-system consisting of [i, u, a] in immediately pre-tonic position, which is further reduced to [i, u, S. Jaworski 52 ǝ] in other pre-tonic and post-tonic positions. It is claimed in the phonetic literature that the low vowel [a] that results from 1st degree reduction differs both qualitatively and quantitatively from [ə] , which is the outcome of 2nd degree reduction. However, Barnes (2006) maintains that there is only one degree of phonological reduction in Russian which simplifies the [i, e, a, ɔ, u] system to the [i, a, u] sub-system. The author argues that further reduction of the low vowel to schwa is the result of phonetic vowel reduction that does not take place in certain phonological contexts, e.g. in hiatus and in phrase-final position.
The major objective of the present paper is to provide acoustic evidence that will shed more light on the process of unaccented vowel reduction in Russian and verify Barnes' (2006) hypothesis as to the phonetic nature of 2nd degree reduction.
Phonological vowel reduction in Russian
The vowel system of the Russian language consists of the five phonemes /i, e, a, ɔ, u/ (cf. Avanesov and Sidorov 1970: 257; Kniazev and Pozaritskaya 2005; Kasatkin 2006 ). All the vowels, as well as the high front [ɨ] which is an allophone of /i/, are found in accented syllables. In unaccented syllables, the five-element inventory is reduced to two sub-systems, consisting of three elements [i, a, u] and [i, ə, u]. The former is found in immediately pre-tonic position and the latter in other unaccented pre-tonic and posttonic positions. However, the reduction process a given vowel undergoes does not only depend on its position in relation to the main stress, but also on its phonological environment (cf. Since the extent to which an unstressed vowel is reduced is determined by its position, Russian is described as a language whose vowels are subject to two degrees of vowel reduction. Avanesov and Sidorov (1970) explain that 1st degree reduction, which is also referred to as moderate reduction, takes place in syllables immediately preceding the stress, whereas 2nd degree reduction occurs in other unaccented syllables. In moderate reduction, if the preceding consonant is non-palatalised, only [a] Crosswhite (2000b) describes the vowel reduction phenomenon in a number of Russian dialects and she concludes that, despite exhibiting different reduction patterns, they have very similar vowel sub-inventories (see Table 2 ). In most cases, they have a two-pattern reduction system with the first, moderate reduction, being a step towards enhancing the prominence of the immediately pre-tonic syllable by replacing the midclose vowels [ɔ] and [e] with [a] and [i], respectively. In the other pattern, which she calls extreme reduction, the vowels [e, a, ɔ] surface as [ǝ] in all other unstressed positions. This can be thought of as a strategy of avoiding low vowels in unaccented posi-tions. As low vowels require long gestures, their articulatory cost is high and for that reason they are not preferred in prosodically weak positions (cf Table 2 ). Kasatkin (2006) presents by far the most complex vowel system of Russian that includes both accented and unaccented syllables as well as the phonological environments in which each vowel can be used, where the phoneme /a/ has got as many as 6 allophones. According to the author, the true quality of any vowel is manifested in accented syllables whose first (and sometimes the only segment) is the vowel. Likewise, if the preceding consonant is hard, i.e. non-palatalised, and if the duration of a vowel is sufficiently long, the vowel can acquire its canonical quality. All the positional variants of the Russian vowels are presented in Table 3 . The dot before a vowel indicates a higher and more anterior articulation caused by the palatalisation of the preceding consonant. . In all the above-quoted sources, both degrees of vowel reduction are presented as phonological phenomena because they occur regardless of speaking rate. However, a recent study by Barnes (2006) questions the phonological nature of 2nd degree reduction because there are contexts in which the vowel [a] does not weaken to schwa despite being placed in an environment conducive to this process. Barnes argues that [a] fails to rise to schwa in hiatus before another [a], as in сooтношение 'relationship' that is realised phonetically as [saatnaˈʃʲeɲijǝ] and not *[sǝatnaˈʃʲeɲijǝ], even when the speaking rate is fast, nor does it reduce to schwa in phrase-final syllables. The claim is substantiated with the results of an experimental study confirming that in these two contexts the articulatory target for [a] is reached. The author attributes the success in producing a full gesture in both cases to the additional duration provided by the [aa] hiatus on the one hand, and to phrase-final lengthening, on the other. 3 Since reduction of [a] in Russian is duration-dependent (at least in these two positions), Barnes (2006: 65) concludes that the language has only one phonological vowel reduction process commonly referred to as 1st degree reduction, and one phonetically motivated process which fails to apply if the duration of an unstressed vowel is above the threshold of 60 ms.
Naturally, at very fast rates when the speech apparatus is expected to meet exaggerated articulatory demands, and when maximally effortful gestures cannot fulfil the demands, deeper reductions are probable. It is likely then that speakers of dialects that do not reduce [a] to [ə] in immediately pretonic syllables will do so if asked to speak at their fastest attainable rate. Bondarko et al. (2003) have established a link between the degree of vowel reduction and effort expenditure. In their samples of read and spontaneous Russian speech, the steady states of formants are not visible in the spectra of spontaneously produced utterances, whereas they are present in the same sentences read later by the same subjects. In the light of the results obtained by Bondarko et al. (2003) and Barnes (2006) , vowel reduction appears to be a phonetically conditioned process that has phonologised in certain contexts. Padgett and Tabain (2005: 16) explain that phonologisation results from the fact that speakers find it difficult to maintain contrasts between some unaccented vowels, e.g. between /i/ and /e/ in the case of Russian, therefore they stop producing them. Learners, on the other hand, do not perceive such distinctions and, consequently, do not acquire them.
Interestingly enough, some Russians do not make a distinction between [а] and [ə]. Figure 1 shows a spectrogram of the word подхожу [pətxaˈʒu] 'I am approaching' pro- These findings strongly suggest that the auditory impression of two distinct degrees of vowel reduction is generated by the temporal rather than acoustic characteristics of the reduced vowels. As a consequence, it can be argued that there is only one degree of phonological vowel reduction. The experiment described in the following section was carried out to provide acoustic evidence that will either substantiate some of the claims formulated by Barnes (2006) or confirm the existence of two degrees of phonological vowel reduction in Russian.
Experiment
Four female native speakers of Russian (TK, TM, LS, IB) took part in the experiment. The first two subjects were born and brought up in Moscow, while the other two in Sankt Petersburg. All the subjects live in Poland now, but they still use Russian at work 4 and at home. For the purposes of the experiment the participants were asked to read 137 4 It is worth mentioning that all the participants are teachers, thus it can be assumed that they pay more attention to pronunciation than the average person does. meaningful sentences at a natural, self-determined tempo (see the Appendix). The sentences, which contained the words listed in (1), were read in random order. Each word was used 10 times, thus 20 tokens of each target vowel were obtained. In order to collect acoustic evidence, twenty accented [i, a, u] sounds, twenty tokens of [i, a, u] found in immediately pre-tonic position and twenty tokens of [ə] found in other pre-and post-tonic positions were extracted from the recorded material. Neither word-initial nor word-final vowels were taken into consideration. As palatal and palatalised consonants also exert a significant influence on vowel height, all tokens of [a] and [u] were found in non-palatalised environments, except for the high front [i] which always follows a palatal or palatalised consonant.
The recordings were made in December 2008 in the computer room of Collegium Balticum in Szczecin. The Praat programme (version 4.2.21) was used to digitise the data and carry out the acoustic analyses. The sound files were downsampled from 16 kHz to 11 kHz in order to reduce the number of formants in the signal to approximately five. Formant values were determined by means of LPC analysis with 25 ms window length and 5 ms time step. The phonological contexts in which the target vowels were found as well as the words that were used in the experiment are presented in (1). (1) accented
It is worth emphasising that even though the phonological environments in which the target vowels are placed are not the same, in this study we are not going to compare these sounds with each other, thus the different contexts appear to be irrelevant.
Results and discussion
The four scatterplots in Figure 2 show the acoustic characteristics of all the accented and unaccented [i] and [u] vowels produced by the subjects. The scatterplots show clearly that in both cases the unaccented vowels are more central in the dimension of F1 and F2. In order to prove that the difference between the F1 and F2 values of the stressed and unstressed vowels is statistically significant, a t-test for independent samples was carried out for all the subjects. In this test, the difference between two sets of data is regarded as statistically significant if the p-level is lower than 5% (p < .05). Tables 4 and 5 ). The data indicate that [i] and [u] are susceptible to phonetic change, as the vowels were regularly undershot by the subjects in unstressed syllables. It is worth emphasising that these results are very similar to those obtained by Padgett and Tabain (2005) . These data strongly suggest that accented high front and back vowels differ both qualitatively and quantitatively from their unaccented counterparts. It is by no means surprising that sounds which require relatively long lingual gestures are not fully articulated in prosodically weak positions. These results also confirm the findings of a recent cross-linguistic study by Jaworski (2008) which showed that speakers of Spanish and Polish, in which unaccented vowels are believed to be resistant to reduction, also find it difficult to reach the articulatory target for high vowels in fast speech. As for the low vowel [a], the subjects produced interesting, and somewhat surprising, data. The scatterplots in Figure 3 show that speakers LS and IB apply two degrees of vowel reduction, whereas speakers TK and TM apply only one. In the case of LS and IB, there is no doubt that the difference between the accented [a] sounds and those undergoing first degree reduction is insignificant. On the other hand, most of the [ə] sounds, or rather unaccented low vowels undergoing 2nd degree reduction, definitely differ qualitatively from both accented [a] sounds and those found in immediately pretonic position.
By contrast, in TK's performance the differences between [a] sounds resulting from 1st degree reduction and those undergoing 2nd degree reduction did not reach the level of statistical significance. The question that automatically arises is whether the "re- Given the results, it can be assumed that TK's vowel system in all unaccented syllables consists of [i ə , ə, u ə ]. Interestingly enough, speaker TM, the other Moscovite, also exhibits the same reduction pattern, but this should be treated as a coincidence and on no account should one claim that this is the main feature of the accent spoken in Moscow. Rather, it can be argued that one degree of vowel reduction is a characteristic feature of "fast speakers". The average speech rate of the participants seems to substantiate the claim as TK and TM speak considerably faster (7.5 and 7.2 syllables per second, respectively) than LS and IB (6.5 and 6.3 syllables per second). The two reduction patterns are presented in Figure 4 .
When asked whether their [a] sounds in immediately pre-tonic and other pre-tonic and post-tonic positions differ in terms of quality, all the subjects claimed that they always produce two distinct vowel sounds, irrespective of speech rate and speaking style. However, judging from the data, their auditory impressions are influenced by the temporal characteristics of the reduced vowels rather than by their quality. Figure 5 presents the durations of all the tokens of [ə] and [a] produced by speakers IB and TM. The former applies two degrees of vowel reduction in her speech, whereas the latter only one. Predictably, the vowels which underwent 2nd degree reduction were, in most cases, considerably shorter than the vowels that were placed in immediately pre-tonic syllables. A t-test revealed that the differences are, in fact, highly significant for all four speakers (p < .001).
Somewhat surprisingly, some of the [ə] vowels turned out to be slightly longer than some of the [a] sounds. However, it is almost certain that this can only take place when the duration of [ə] found in one word is compared to the length of [a] placed in a different word. Within the same word [ə] is very unlikely to be longer than [a] (cf. Figure 1) . Barnes (2006) maintains that phrase-final vowels are not normally reduced to schwa because such sounds are particularly susceptible to lengthening. He argues convincingly that 2nd degree reduction fails to apply if the duration of an unstressed vowel is above the threshold of 60msec. The data in Figure 5 is consistent with Barnes' findings because in TM's speech most of the unaccented vowels undergoing 1st and 2nd degree reduction were, in fact, shorter than 60msec. Despite the fact that the vowels found in immediately pre-tonic position were considerably longer than those found in other unaccented positions, subjects TK and TM still did not manage to produce significant differences in vowel height. This strongly suggests that, at least, some speakers have only one degree of vowel reduction. As a result, duration appears to be the only phonetic indication of 2nd degree reduction. The significant differences in duration do not have any phonological consequences as in Russian there is no distinction between short and long vowels. 
Conclusion
Phonetic research hardly ever yields uniform results as there are too many variables that have to be taken into consideration. In spite of applying the same procedure, subjects usually produce results that differ to a lesser or greater extent. In the case of this study, the results obtained from speakers LS and IB confirm the existence of two degrees of vowel reduction in Russian, whereas in the speech of the other subjects (TK and TM) there seems to be only one. Judging from the data, one might say that there are two distinct patterns of vowel reduction in Russian and that it is a speaker-specific phenomenon that depends on the speaker's accent. Obviously, one can argue that such findings can result from the fact that [a] sounds produced in some words are were compared with [ə] vowels realised in other words. On the other hand, the spectrograms in Figure 1 show that in some cases a schwa sound can be lower than an [a] sound placed in the same word. The data also suggests that, in the case of speakers applying one degree of reduction, the auditory impression of two degrees should be attributed to the differences in duration between immediately pre-tonic [a] sounds and those undergoing 2nd degree reduction. It is absolutely necessary to bear in mind that in this article read speech was analysed which, by definition, is reduced to a lesser degree than spontaneous, casual speech. Had these utterances been produced naturally, there is little doubt that more profound vowel reductions would have been observed. Also, the fact that all subjects are teachers should not be ignored. Obviously, one may argue that there may be substantial individual differences between the teachers but, generally speaking, they attach more significance to pronunciation than naïve listeners. Consequently, one can hazard a guess that one degree of vowel reduction is much more common in spontaneous speech of less educated individuals.
Even though the evidence presented here strongly suggests that some native speakers of Russian apply one degree of vowel reduction, data produced by only four speakers do not suffice to draw far-reaching conclusions as to the nature of the process investigated in this article. There is no doubt that more detailed research is needed to provide more insight into the process and verify the results.
